Neuro-optometry is now evolving in directions that depend upon the utilization of this specialty clinic in our School of Optometry, We, ourselves, are concentrating on the motor function aspect of neuro-optometry which includes versional eye movements of all types: fixation, optokinetic nystagmus, eye tracking, reading eye movements, and "scanpaths" or free viewing of pictures. We are also studying vergence eye movements and the interaction between vergence and versional eye movements. Furthermore, the triadic response (accommodation, pupillary, and vergence eye movement responses to near and far targets) is another
Neuro-optometry is now evolving in directions that depend upon the utilization of this specialty clinic in our School of Optometry, We, ourselves, are concentrating on the motor function aspect of neuro-optometry which includes versional eye movements of all types: fixation, optokinetic nystagmus, eye tracking, reading eye movements, and "scanpaths" or free viewing of pictures. We are also studying vergence eye movements and the interaction between vergence and versional eye movements. Furthermore, the triadic response (accommodation, pupillary, and vergence eye movement responses to near and far targets) is another This work was partially supported by PHS Training Grant #5T01 EY00076-04 to A. T. B., K. J. C., R. V. K,, and S. P., and an Auxiliary to the American Optometric Association Research Grant to K. J. C. area of our focused attention, and we are making dynamic studies of all these in our Neurooptometry Clinic. Sensory functions, such as visual fields or visually evoked responses (VER), are also clearly of great importance and, in fact, are being developed by other faculty members in our school. Another area of increasing importance in neuro-optometry is the fundoscopic study of the nerve fiber layer in the retina, including the remarkable anatomical region of the optic nerve head. Although the importance of this has been emphasized, for example, by Professor William Hoyt who was advocated using a green light in the ophthalmoscope for better viewing of the retinal nerve fiber layer (William F. Hoyt, personal communication), we have not yet introduced this as a procedure in our Neuro-optometry Clinic but are considering a clinical photographic study in-this direction.
RATIONALE
The rationale for our Neuro-optometry Clinic with its emphasis on motor dysfunctions is primarily one of service to our patients. Clinical service means to us that each patient will be studied for the direct benefit of the patient. His optometrist or physician will obtain an objective record of the oculomotor disability to refer to in the chart and the best quantitative evaluation of his disorder to correlate with the clinical evaluation. Eye movement recordings are now an ongoing clinical testing procedure in this clinic and in many hospitals. Electro-oculography (EOG), photoelectric eye movement recordings, and electromyography (EMG) techniques are not "human experimentation" in the accepted sense of these terms. The Committees on Human Experimentation at both the University of California, Berkeley, and the University of California, San Francisco, have carefully reviewed our procedures and have agreed with us concerning our rationale of clinical service to the individual patient. Based upon this information, they have allowed us to carry out these procedures without requiring the explicit consent of the patient, since all procedures performed on the patient are for his direct benefit as part of his normal optometric or medical care. The data will be collected as a consequence of established (in California) medical procedures as ordered by the patient's optometrist or attending physician. Such procedures .are nonintrusive and present no risk to the patient as defined by the Department of Health, Education and Welfare.
In addition, we expect to do clinical research which depends upon detailed analysis of the eye movement records using our on-line laboratory digital computer and other bioengineering and neurological analysis techniques, such as control systems models of the human eye movement system. The purpose of this work is to use "nature's experiments to refine such math-' FIG. 1. A, eye movement monitor with binocular photocell sensors mounted on a modified ophthalmic frame in place on patient. Circular photocells positioned approximately 12 mm from the eye and perpendicular to the globe measure amount of infrared light reflected from the nasal or temporal limbus, respectively. B, patient's head supported by headrest and chinrest. The target is a small spot of light moving on a large, translucent screen 57 cm away (on left Our philosophy is that there is really no difference between applied and basic research. Our neuro-optometry studies can contribute in an applied clinical research fashion by helping to define the history of a motor abnormality, including its recession, following treatment; in optometry, treatment may include vision training or corrective lenses. At the same time we are doing basic research, because this information may yield new insights into the underlying neurological mechanisms controlling eye movements which may lead to improved basic bioengineering models of these controlled processes, a very basic research goal indeed.
A final rationale for our Neuro-optometry Clinic is an innovation in the professional instruction in the School of Optometry. A newly established section of Optometry 483A,B,C, the Neuro-optometry Clinic, will enable our optometry students to come in contact with patient examinations in our clinic, so that they can become acquainted with this evolving specialty area of optometry. In addition, the objective recordings and quantitative studies of these patients will enable the students to become conversant with this important area of interaction between clinical medicine and clinical optometry.°A . 
CLINIC OPERATION
The mode of operation of our clinic over the past year has been to encourage and accept direct referrals from the ongoing clinics in the School of Optometry. Our referrals have come from a number of other specialty clinics: orthoptics, strabismus, pathology, and the general refraction clinic, as well as a scattering of referrals from outside practitioners. As the other clinical instructors on the faculty and the 3rd and 4th-year students, who directly manage the patients, become more familiar with our services and potentialities, we may develop other and more vigorous patterns of referral procedures. The clinic director, Dr, Kenneth Poise, has provided us with several opportunities to discuss our Neuro-optometry Clinic and some of our findings at meetings of the clinical staff, and we have found this interactive feedback to be of benefit to us in many ways, in addition to our primary point of informing others about our clinic.
The output to the referring optometrist or physician from our clinic, at present, is in the form of a written report summarizing the patient findings, based on our studies of the objective recordings and our attempts to correlate these findings with the patient's general clinical findings and laboratory findings from other clinics, such as the VER clinic. It is hoped also that as students take our specialty program, part of their work would be preparing clinical case discussions based upon the patient studies that occurred during their tenure in the clinic. 
METHODS
A brief summary of our methods with some illustrative material is presented in order to permit the reader to get a more detailed view of the services that the Neuro-optometry Clinic can provide for the patient. In order to measure eye movements, either versional or vergence, we use spectacle frames with photocells mounted close to the eye, but not interfering with either the patient's eye movements or ability to blink,1-a The pictures in Fig, 1 show a patient wearing these eye movement monitors. When the photo cells are properly positioned and the circuitry is balanced and calibrated exactly as shown in Fig. 2 , quite accurate eye movement recordings can be obtained. Appendices A and B give further details on this methodology, and an overview of eye movement recording methods is presented in Table 1 . The binocular reading eye movements shown in Fig. 3 are an example of some of the interesting results of our clinical studies.
In order to measure accommodation dynamically, we use a third Purkinje image instrument which was developed by O'Neill and Stark3 and by Phillips et al,4 (Fig. 4) . The instrument is mounted within a slit-lamp biomicroscope.
Because it measures the position of the anterior surface of the lens, it gives only a parametric measure of accommodation; thus, to calibrate, we use a Fincham coincidence optometer based on the Scheiner principle (1619), The Finchman optometer is also used to record static measurements of accommodation (Fig. 5) . Here we seethe contrast between the response of the normal subject and the response of a patient with difficulty in accommodative facility. Dynamic responses taken with our Purkinje image instrument are shown in Fig. 6 . We hope to study the influence of "accommodative rock" vision training procedures in influencing facility difficulties in a selected group of patients in cooperation with J. exciting area of dynamic study; the TV pupillometer designed by Stark and Troelstra5'9 is shown in Fig. 7 . Its mode of operation is (1) to obtain a video image of the subject's magnified iris and pupil, (2) to use image-processing electronics to define the pupil-iris border, (3) to commodative state. Reflected light (infrared) was amplified by photomultiplier system and signals were recorded. Targets at 100 cm (1.0 D) and 20 cm (5.0 D), shown on adjustable jacks, are alternately presented with temporal randomization to the patient, who is instructed to keep the appropriate target in clear focus. Head stabilization and accurate fixation are a prerequisite for obtaining precise measurements free from movement artifacts. A bite bar may be utilized to minimize head movements; eye movement monitors may be added to determine magnitude of any ocular movement that might have taken place during an experimental run. The eye not being tested is occluded. shows focusing ability of a normal 25-year-old patient. Note that from 0 to 7 D of accommodative stimulus, the patient follows the target quite well and manifests typical "lazy lag of accommodation," Beyond 7 D of accommodative stimulus, the patient approaches the "presbyopic zone" (latent zone), and the plateau gives a measure of accommodative amplitude. In contrast is the response (P) of another 25-year-old patient who complained of focusing difficulties at near and clearly exhibits an impaired focusing ability. At the time of testing, the patient was wearing poorly fitting soft contact lenses and had slightly reduced and variable visual acuity. On the right are head and chin rest and fixation cross, while on the left are infrared-sensitive television camera, zoom lens, and infrared light source adjacent to the lens. Stimulus is a bright light, seen in Maxwellian view, located within modified slit-lamp illumination housing. Instrument, camera position, and infrared light source are adjusted to obtain a sharp image of the iris on the TV monitor, then the light stimulus is properly positioned. The entire alignment procedure takes 2 min; the clinician is now ready to make accurate recordings of pupillary responses to light, presented in either a pulse or sinusoidal manner, or to step-accommodative stimuli. mark this border with a white crescent so that the experimenter can be certain that the instrument is functioning (as shown in Fig. 8) , and (4) finally, to count the number of TV lines in the pupil image. This count is seen as the dynamic response trace shown in Fig. 9 . In this figure, the normal dynamic pupil response is contrasted with the slowed, deficient pupil response of a patient following recent ocular trauma.
PROTOCOL
The testing protocol for the Neuro-optometry Clinic was initially based on earlier experience in various hospital clinics for neuro-ophthalmology. From the protocol (Table 2) , one sees that the usual aspects of eye movements, such as fixation, saccadic tracking and smooth pursuit, vergence, reading eye movements, dynamic and static accommodation, and dynamic pupillary responses, are all part of our test. It is important to note that the calibration procedure appears first not only because we begin by calibrating, but also to emphasize the importance of calibration throughout the procedure. Several aspects of the protocol, such as optokinetic nystagmus, and vestibular testing, have not yet been implemented. The accommodation and pupillary tests are sufficiently complex that they are performed at a separate appointment to the clinic.
Once a general overview of the patient's abnormalities is obtained by utilizing the standard protocol of Table 2 , it is then possible to do further testing in accordance with a number of special expanded protocols pointing toward spe-FIG. 8. Patient's pupil and iris displayed on TV monitor. The white crescent seen at the left half of the pupil margin indicates that correct pupillary diameter measurements are being electronically processed; the light spot is the first Purkinje image of light source and does not contaminate pupil diameter measurements; the reference scale in mm is over the monitor screen. Besides using the TV monitor in alignment procedures, a magnified view of the pupil helps verify the record on the strip chart.
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FIG. 9. Light-pupillary response of patient who received a powerful blow to the eye with a baseball 1 week before examination. The left eye exhibited normal pupillary dynamics, with pupillary constriction followed by pupillary dilation, i.e., pupillary escape, during prolonged light stimulation. In contrast, the traumatized right eye had a semidilated pupil (5 mm) and displayed a greatly reduced pupillary response to light, indicating neuromuscular and/or motor fiber damage (N III). Each eye was studied separately, and the 2 records are not simultaneous. cific disorders. We are developing these as our experience and the case load of our clinic warrants. For example, in a patient with a reading disorder, we might emphasize apraxia tests, laterality of control of saccades, interaction of vergence and version, scanpaths constructed on viewing pictures, and the behavior of the eyes in a number of actual reading tests, PATIENT EXPERIENCE Over the past 6 months (to July 1, 1975), we have studied approximately 40 patients. The percentage of patients without clear oculomotor abnormalities was rather high in the early phases of our clinical operation. After establishing communication channels between the clinicians, the senior students, and our own group, the percentage of abnormalities has been greater than 80%. Table 3 lists 20 patients, giving their age, the referring clinic, and the type of abnormality recorded. Our patient population represents a number of interesting oculomotor abnormalities and diagnostic categories: nystagmus, abnormal vergence (strabismus), nonconjugate saccades, adductor lag, and "
SUMMARY
The Neuro-optometry Clinic exists as a current service in the School of Optometry on the campus of the University of California, Berkeley. Patients are being referred in order to obtain information which the optometrist or physician can utilize for the patient's benefit. The clinic is active in teaching the students, the clinic staff, and, of course, ourselves with respect to the nature of the oculomotor dysfunction definition of syndromes by objective recording, and this results in more precise diagnosis and better patient management. In addition to these patient service and teaching functions, we conduct clinical and basic research. Forthcoming research reports explore such areas as dyslexia, Bering's Law violations, and dynamic accommodation and vergence abnormalities.
We quote from the pioneer of eye movement recording, Dr. Raymond Dodge,7 "... I have been able to examine the eye of patients. . . , Some cases presented exceptions to the normal compensatory eye movements, which might, perhaps, become of diagnostic value," and also from our distinguished neuroophthalmology colleague, Dr. William F, Hoyt (personal communication), from the University of California, San Francisco, "Photoelectrical eye movement recording is serving the neuro-ophthalmologist as 'the X-ray' of eye movement disorders," To determine the characteristics of the dynamic pupillary response to accommodative stimuli b. To determine the characteristics of the dynamic pupillary response to step and sinusoidal light stimuli c. To check for static and dynamic abnormalities relating to neuropathology and ocular pathology 
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